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ISOLATION OF SUBTERRANEAN ZONES 

Background of the invention 

This invention relates generally to oil and gas exploration, and in particular to 
isolating certain subterranean zones to facilitate oil and gas exploration. 
5 During oil exploration, a wellbore typically traverses a number of zones within a 

subterranean formation. Some of these subterranean zones will produce oil and gas, 
while others will not. Further, it is often necessary to isolate subterranean zones from 
one another in order to facilitate the exploration for and production of oil and gas. 
Existing methods for isolating subterranean production zones in order to facilitate the 
1 0 exploration for and production of oil and gas are complex and expensive. 

The present invention is directed to overcoming one or more of the limitations of 
the existing processes for isolating subterranean zones during oil and gas exploration. 

Summary of the Invention 
According to a first aspect of the present invention, there is provided an 
15 apparatus, comprising: 

a zonal isolation assembly positioned within a wellbore comprising: 
one or more solid tubular members, each solid tubular member including one or 
more external seals; 

two or more perforated tubular members each including radial passages coupled 
20 to the solid tubular members; and 

a one-way valve for controllably fluidicly coupling the perforated tubular 
members; 

one or more flow control valves operably coupled to the perforated tubular 
members for controlling the flow of fluidic materials through the perforated tubular 
25 members; 

one or more temperature sensors located within a longitudinal flow passage of 
one or more of the perforated tubular members for monitoring the operating 
temperature within the perforated tubular members; 

one or more pressure sensors located within the longitudinal flow passage of one 
30 or more of the perforated tubular members for monitoring the operating pressure within 
the perforated tubular members; 

one or more flow sensors located within the longitudinal flow passage of one or 
more of the perforated tubular members for monitoring the operating flow rate within 
the perforated tubular members; and 



a controller operably coupled to the flow control valves, the temperature sensors, 
the pressure sensors, and the flow sensors for monitoring the temperature, pressure 
and flow sensors and controlling the operation of the flow control valves; and 

a shoe coupled to the zonal isolation assembly; 

wherein at least one of the solid tubular members and the perforated tubular 
members are formed by a radial expansion process performed within the wellbore. 

According to another aspect of the present invention, there is provided method of 
isolating a first subterranean zone from a second subterranean zone having a plurality 
of producing zones in a wellbore, comprising: 

positioning one or more solid tubulars within the wellbore, the solid tubulars 
traversing the first subterranean zone; 

positioning two or more perforated tubulars each including one or more radial 
passages within the wellbore, the perforated tubulars traversing the second 
subterranean zone; 

radially expanding at least one of the solid tubulars and perforated tubulars within 
the wellbore; 

fluidicly coupling the perforated tubulars and the solid tubulars; 

preventing the passage of fluids from the first subterranean zone to the second 
subterranean zone within the wellbore external to the solid tubulars and perforated 
tubulars; 

monitoring the operating temperatures, pressures, and flow rates within a 
longitudinal flow passage of one or more of the perforated tubulars; 

controlling the flow of fJuidic materials through the perforated tubulars as a 
function of the monitored operating temperatures, pressures, and flow rates; and 

preventing fluids from passing from one of the producing zones that has not been 
depleted to one of the producing zones that has been depleted. 

According to another aspect of the present invention, there is provided a method 
of extracting materials from a wellbore having a plurality of producing subterranean 
zones, at least a portion of the wellbore including a casing, comprising; 

positioning one or more solid tubulars within the wellbore; 

positioning two or more perforated tubulars each including one or more radial 
passages within the wellbore, the perforated tubulars traversing one of the producing 
subterranean zones; 
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radially expanding at least one of the solid tubulars and the perforated tubulars 
within the weilbore; 

flurdicfy coupling the solid tubulars with the casing; 

fluidicly coupling the perforated tubulars with the solid tubulars; 

fiuidicly isolating one of the producing subterranean zones from at least one other 
subterranean zone within the weilbore; 

fiuidicly coupling at least one of the perforated tubulars with the producing 
subterranean zone; 

monitoring the operating temperatures, pressures, and flow rates within a 
longitudinal flow passage of one or more of the perforated tubulars; 

controlling the flow of fluidic materials through the perforated tubulars as a 
function of the monitored operating temperatures, pressures, and flow rates; and 

preventing fluids from passing from one of the producing zones that has not been 
depleted to one of the producing zones that has been depleted. 

According to another aspect of the present invention, there is provided a system 
for isolating a first subterranean zone from a second subterranean zone having a 
plurality of producing zones in a weilbore, comprising: 

means for positioning one or more solid tubulars within the weilbore. the solid 
tubulars traversing the first subterranean zone; 

means for positioning two or more perforated tubulars each including one or 
more radial passages within the weilbore, the perforated tubulars traversing the second 
subterranean zone; 

means for radially expanding at least one of the solid tubulars and perforated 
tubulars within the weilbore; 

means for fiuidicly coupling the perforated tubulars and the solid tubulars; 
means for monitoring the operating temperatures, pressures, and flow rates 

wrth,n a longitudinal flow passage of one or more of the perforated tubulars- 

means for controlling the flow of fluidic materials through the perforated tubulars 

as a function of the monitored operating temperatures, pressures, and flow rates- 
means for preventing the passage of fluids from the first subterranean zone to 

the second subterranean zone within the weilbore external to the solid tubulars and 

perforated tubulars; and 

means for preventing fluids from passing from one of the producing zones that 
has not been depleted to one of the producing zones that has been depleted. 
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According to another aspect of the present invention, there is provided a system 
for extracting materials from a plurality of producing subterranean zones in a wellbore, 
at least a portion of the wellbore including a casing, comprising; 
5 means for positioning one or more solid tubulars within the wellbore; 

means for positioning two or more perforated tubulars each including one or 
more radial passages within the wellbore, the perforated tubulars traversing one of the 
producing subterranean zones; 

means for radially expanding at least one of the solid tubulars and the perforated 
10 tubulars within the wellbore; 

means for flukJicly coupling the solid tubulars with the casing; 
means for fluididy coupling the perforated tubulars with the solid tubulars; 
means for fluididy isolating one of the produdng subterranean zones from at 
least one other subterranean zone within the wellbore; 
15 means for fluididy coupling at least one of the perforated tubulars with the 

producing subterranean zone; 

means for monitoring the operating temperatures, pressures, and flow rates 
within a longitudinal flow passage of one or more of the perforated tubulars; 

means for controlling the flow of fluidic materials through the perforated tubulars 
20 as a function of the monitored operating temperatures, pressures, and flow rates; and 
means for preventing fluids from passing from one of the produdng zones that 
has not been depleted to one of the produdng zones that has been depleted. 

Brief Description of the Drawings 

25 FIG. 1 is a fragmentary cross-sectional view illustrating the isolation of 

subterranean zones. 

Fig. 2a is a cross sectional illustration of the placement of a system for isolating 
subterranean zones within a borehole. 

Fig. 2b is a cross sectional illustration of the system of Fig. 2a during the injection 
30 of a fluidic material into the tubular support member. 

Fig. 2c is a cross sedional illustration of the system of Fig. 2b while pulling the 
tubular expansion cone out of the wellbore. 

Fig. 2d is a cross sectional illustration of the system of Fig. 2c after the tubular 
expansion cone has been completely pulled out of the wellbore. 
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Fig. 3 is a cross sectional illustration of the expandable tubular members of the 
system of Fig. 2a. 

Fig. 4 is a flow chart illustration of a method for manufacturing the expandable 
tubular member of Fig. 3. 

Fig. 5a is a cross sectional illustration of the upsetting of the ends of a tubular 
member. 

Fig. 5b is a cross sectional illustration of the expandable tubular member of Fig. 
5a after radially expanding and plastically deforming the ends of the expandable 
tubular member. 

Fig. 5c is a cross sectional illustration of the expandable tubular member of Fig. 
5b after forming threaded connections on the ends of the expandable tubular member. 

Fig. 5d is a cross sectional illustration of the expandable tubular member of Fig 
5c after coupling sealing members to the exterior surface of the intermediate 
unexpended portion of the expandable tubular member. 

Fig. 6 is a cross-sectional illustration of a tubular expansion cone. 

Fig. 7 is a cross-sectional illustration of a tubular expansion cone. 

Fig. 8 is a fragmentary cross sectional illustration of an alternative system for 
isolating subterranean zones of Fig. 1. 

Fig. 9 is a fragmentary cross sectional illustration of a method for lining one of the 
perforated tubular members of the system for isolating subterranean zones of Fig 1 
with a solid tubular liner. 

Fig. 10 is a fragmentary cross sectional illustration of a method for sealing one of 
the perforated tubular members of the system for isolating subterranean zones of Fig 1 
with a hardenable fluidic sealing material. 

Fig. 11 is a fragmentary cross sectional illustration of a method for coupling one 
of the perforated tubular members of the system for isolating subterranean zones of 
Fig. 1 with the surrounding subterranean formation. 

Fig. 12 is a fragmentary cross sectional illustration of a method for coupling one 
of the perforated tubular members of the system for isolating subterranean zones of 
Fig. 1 with a surrounding perforated wellbore casing. 

Fig. 13 is a fragmentary cross sectional illustration of a method for lining one of 
the perforated tubular members of the system for isolating subterranean zones of Fig 1 
with another perforated tubular member. 
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Fig. 14 is a fragmentary cross sectional illustration of an alternative system for 
isolating subterranean zones of Fig. 1 that includes a one-way valve for preventing flow 
from a producing zone into a depleted zone. 

Fig. 15 is a fragmentary cross sectional illustration of an alternative system for 
isolating subterranean zones of Fig. 1 in which the system is used to extract 
geothermal energy from a subterranean geothermal zone. 

Detailed Description 

An apparatus and method for isolating one or more subterranean zones from one 
or more other subterranean zones is provided. The apparatus and method permits a 
producing zone to be isolated from a nonproduclng zone using a combination of solid 
and slotted tubulars. In the production mode, the teachings of the present disclosure 
may be used in combination with conventional, well known, production completion 
equipment and methods using a series of packers, solid tubing, perforated tubing, and 
sliding sleeves, which will be inserted into the disclosed apparatus to permit the 
commingling and/or isolation of the subterranean zones from each other. 

Referring to Fig. 1, a wellbore 105 including a casing 110 are positioned in a 
subterranean formation 115. The subterranean formation 115 includes a number of 
productive and non-productive zones, including a water zone 120 and a targeted oil 
sand zone 125. During exploration of the subterranean formation 115, the wellbore 
105 may be extended in a well known manner to traverse the various productive and 
non-productive zones, including the water zone 120 and the targeted oil sand zone 
125. 

In order to fluidicly isolate the water zone 120 from the targeted oil sand zone 
125, an apparatus 130 is provided that includes one or more sections of solid casing 
135. one or more external seals 140, one or more sections of perforated casing 145, 
one or more intermediate sections of solid casing 150. and a solid shoe 155. The 
perforated casing 145 includes one or more radial passages. 

The solid casing 135 provides a fluid conduit that transmits fluids and other 
materials from one end of the solid casing 135 to the other end of the solid casing 135. 
The solid casing 135 may comprise any number of conventional commercially available 
sections of solid tubular casing such as. for example, oilfield tubulars fabricated from 
chromium steel or fiberglass. The solid casing 135 comprises oilfield tubulars available 
from various foreign and domestic steel mills. 
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The solid casing 135 is preferably coupled to the casing 110. The solid casing 
135 may be coupled to the casing 1 10 using any number of conventional commercially 
ava,lable processes such as. for example, welding, slotted and expandable connectors 
or expandable solid connectors. The solid casing 135 is coupled to the casing 110 by 
5 using expandable solid connectors. The solid casing 135 may comprise a plurality of 
such solid casing 135. 

The solid casing 135 is preferably coupled to one more of the perforated casings 
145. The solid casing 135 may be coupled to the perforated casing 145 using any 
number of conventional commercially available processes such as. for example 
10 welding, or slotted and expandable connectors. The solid casing 135 is coupled to the 
perforated casing 145 by expandable solid connectors. 

The solid casing 135 includes one more valve members 160 for controlling the 
flow of fluids and other materials within the interior region of the casing 135 During 
the production mode of operation, an internal tubular string with various arrangements 
of packers, perforated tubing, sliding sleeves, and valves may be employed within the 
apparatus to provide various options for commingling and isolating subterranean zones 
from each other while providing a fluid path to the surface. 

The casing 135 is placed into the wellbore 105 by expanding the casing 135 in 
the radial direction into intimate contact with the interior walls of the wellbore 105 The 
cas, ng 135 may be expanded in the radial direction using any number of conventional 
commercially available methods. 

The seals 140 prevent the passage of fluids and other materials within the 
annular region 165 between the solid casings 135 and 150 and the wellbore 105 The 
seals 140 may comprise any number of conventional commercial* available sealing 
materials suitable for sealing a casing in a wellbore such as. for example, lead, rubber 
or epoxy. The seals 140 comprise Stratalok epoxy material available from Halliburton 
Energy Services. The perforated casing 145 permits fluids and other materials to pass 
,nto and out of the interior of the perforated casing 145 from and to the annular region 
165. ,n th,s manner, oi, and gas may be produced from a producing subterranean zone 
^-n a subterranean formats. The perflated casing 145 may apprise any number 
of conventual commercially available sections of slotted tubular casing The 

Tetir^ 145 r prises expandatte s,otted tubu,ar avatebte «"> 

JZ L Z ' & ^ P6rfWated 145 comprises expandable 

slotted sandscreen tubular casing available from Pefroline in Aberdeen. Scotland 
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The perforated casing 145 is preferably coupled to one or more solid casing 135. 
The perforated casing 145 may be coupled to the solid casing 135 using any number of 
conventional commercially available processes such as, for example, welding, or 
slotted or solid expandable connectors. The perforated casing 145 is coupled to the 
5 solid casing 135 by expandable solid connectors. 

The perforated casing 145 is preferably coupled to one or more intermediate 
solid casings 150. The perforated casing 145 may be coupled to the intermediate solid 
casing 150 using any number of conventional commercially available processes such 
as, for example, welding or expandable solid or slotted connectors. The perforated 
10 casing 145 is coupled to the intermediate solid casing 150 by expandable solid 
connectors. 

The last perforated casing 145 is preferably coupled to the shoe 155. The last 
perforated casing 145 may be coupled to the shoe 155 using any number of 
conventional commercially available processes such as, for example, welding or 
15 expandable solid or slotted connectors. The last perforated casing 145 is coupled to 
the shoe 155 by an expandable solid connector. 

Instead, the shoe 155 may be coupled directly to the last one of the intermediate 
solid casings 150. 

The perforated casings 145 are positioned within the wellbore 105 by expanding 
20 the perforated casings 145 in a radial direction into intimate contact with the interior 
walls of the wellbore -105. The perforated casings 145 may be expanded in a radial 
direction using any number of conventional commercially available processes. 

The intermediate solid casing 150 permits fluids and other materials to pass 
between adjacent perforated casings 145. The intermediate solid casing 150 may 
25 comprise any number of conventional commercially available sections of solid tubular 
casing such as, for example, oilfield tubulars fabricated from chromium steel or 
fiberglass. The intermediate solid casing 150 comprises oilfield tubulars available from 
foreign and domestic steel mills. 

The intermediate solid casing 150 is preferably coupled to one or more sections 
30 of the perforated casing 145. The intermediate solid casing 150 may be coupled to the 
perforated casing 145 using any number of conventional commercially available 
processes such as, for example, welding, or solid or slotted expandable connectors. 
The intermediate solid casing 150 is coupled to the perforated casing 145 by 
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expandable solid connectors. The intermediate solid casing 150 may comprise a 
plurality of such intermediate solid casing 150. 

Each intermediate solid casing 150 includes one mora valw members 170 for 
controlling the flow of fluids and other materials within the inferior region or ft. 
5 intermediate casing 150. As will ba recognized by persons having orfinary skill in fta 
art and the benefit or the prasenl disclosure, during fta praducflon mode or operafion 
an interna, tubular string wift various arrong^™,* of packers, perforated tubftg' 
sl.ri.ng sieevas. and valves may be employed wiftin the apparatus to provide various 
optrons for commingling aad isolating eubtenanean zones from each other white 
10 providing a fluid path to the surface. omer while 

The intermediate casing 150 Is placet, into the wellborn 105 by expanding the 
intermedia casfcg ,50 in fta radial diracfion into Wmate contact wift fte interior 
wails o, fte we»bora ,05. The intemtediate casing ,50 may be expended in fte radial 
drrecfion using any number or convenfional commercially available methods 
15 One or more of fte Intemtediate solid casings 150 may be omitted. Praferably 

orteormoraofftapsrforatedcaslr W ,45araprovidedw«hon.ormo,eseate,40 ' 
The shoe ,55 provides a support member for fta apparatus ,30. In this manner 
vanous production and explorafion toote may be suppwted by fte show 150. The shoe 
150 may comprise any number of convenfional commercially available shoes suitable 

IT \"*™ ^ * ,W — * flled ** - - —*« or 

zrr v h ^ shoe 150 m * m * ,m *- «— * <™ 

Ha»fturton. The shoe 155 is setected ft provide sufficient sirangft in comprees™ and 
tension to permit fte use of high capacity product and exploration tools 

™« «"-*» '30 inctodee a pluralty o, so M casings 135. a ptoralfly of aeals 
140. a pluralfly of perforated casings 145. a frailty of htem»diate aolid eatings 150 

HI. « V" ^ ^ 1M ^ — « - «i « 
-sings 135. each wflh one or mora valve membera 160. n perforated casftgs 145 n-1 

^rmedrate aolid casings ,50. aa* vrift one or more vahe ntembera ,70. and a £ 

During operafion of fte apparatos , 30. o« and gas may be cenbpfiaWy ^ 
^fte^etedofisandzone ^fiusftgftepa^edcesl^s ,45. TheoZges 
may ften be transported to a aurface locafion using fte scfid caaing 135. The use o, 

TT "«*« ™ ~* ^ sectlTft! 

zorre ,25 ft be selecfively isolated for product The seate ,40 pern* ft. zone ,» 
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to be fluidicly isolated from the zone 120. The seals 140 further permits isolated 
sections of the zone 125 to be fluidicly isolated from each other. In this manner, the 
apparatus 130 permits unwanted and/or non-productive subterranean zones to be 
fluidicly isolated. 

As will be recognized by persons having ordinary skill in the art and also having 
the benefit of the present disclosure, during the production mode of operation, an 
internal tubular string with various arrangements of packers, perforated tubing, sliding 
sleeves, and valves may be employed within the apparatus to provide various options 
for commingling and isolating subterranean zones from each other while providing a 
fluid path to the surface. 

The solid casing 135, the perforated casings 145, the intermediate sections of 
solid casing 150, and/or the solid shoe 155 may be radially expanded and plastically 
deformed within the wellbore 105 in a conventional manner and/or using one or more 
of the methods and apparatus disclosed in one or more of the following: (1) U.S. patent 
application serial no. 09/454,139. attorney docket no. 25791.03.02, filed on 12/3/1999, 
(2) U.S. patent application serial no. 09/510.913, attorney docket no. 25791.7.02, filed 
on 2/23/2000. (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02. filed on 2/10/2000, (4) U.S. patent application serial no. 09/440.338, 
attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial 
no. 09/523,460. attorney docket no. 25791.11.02. filed on 3/10/2000, (6) U.S. patent 
application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, 
(7) U.S. patent application serial no. 09/511,941 , attorney docket no. 25791.16.02. filed 
on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, 
attorney docket no. 25791.23.02. filed on 4/26/2000, (10) PCT patent application serial 
no. PCT/US00/18635, attorney docket no. 25791.25.02, filed on 7/9/20O0. (11) U.S. 
provisional patent application serial no. 60/162.671, attorney docket no. 25791.27, filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney 
docket no. 25791.29, filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159.082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 
provisional patent application serial no. 60/159,039, attorney docket no. 25791.36. filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney 
docket no. 25791.37. filed on 10/12/1999, (16) U.S. provisional patent application serial 
no. 60/212.359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional 
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patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 
11/12/1999, (18) U.S. provisional patent application serial no. 60/221.443. attorney 
docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent application serial 
no. 60/221,645, attorney docket no. 25791.46. filed on 7/28/2000. (20) U.S. provisional 
5 patent application serial no. 60/233.638. attorney docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334, attorney 
docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent application serial 
no. 60/270.007, attorney docket no. 25791.50, filed on 2/20/2001; (23) U.S. provisional 
patent application serial no. 60/262,434, attorney docket no. 25791.51, filed on 

10 1/17/2001; (24) U.S. provisional patent application serial no. 60/259.486, attorney 
docket no. 25791.52. filed on 1/3/2001; (25) U.S. provisional patent application serial 
no. 60/303,740, attorney docket no. 25791.61, filed on 7/6/2001; (26) U.S. provisional 
patent application serial no. 60/313,453, attorney docket no. 25791.59, filed on 
8/20/2001; (27) U.S. provisional patent application serial no. 60/317.985, attorney 

15 docket no. 25791.67, filed on 9/6/2001; (28) U.S. provisional patent application serial 
no. 60/318,386. attorney docket no. 25791.67.02. filed on 9/10/2001; and (29) U.S. 
utility patent application serial no. 09/969.922, attorney docket no. 25791.69. filed on 
10/3/2001. The radial clearances between the radially expanded solid casings 135, 
perforated casings 145, intermediate sections of solid casing 150. and/or the solid shoe 

20 1 55 and the wellbore 105 may be eliminated thereby eliminating the annulus between 
the solid casings, the perforated casings 145, the intermediate sections of solid casing 
150. and/or the solid shoe 155 and the wellbore 105. In this manner, the optional need 
for filling the annulus with a filler material such as. for example, gravel, may be 
eliminated. 

Referring to Figs. 2a-2d. a system 200 for isolating subterranean formations 
includes a tubular support member 202 that defines a passage 202a. A tubular 
expansion cone 204 that defines a passage 204a is coupled to an end of the tubular 
support member 202. The tubular expansion cone 204 includes a tapered outer 
surface 204b for reasons to be described. 

A pre-expanded end 206a of a first expandable tubular member 206 that defines 
a passage 206b is adapted to mate with and be supported by the tapered outer surface 
204b of the tubular expansion cone 204. The first expandable tubular member 206 
further includes an unexpahded intermediate portion 206c, another pre-expanded end 
206d, and a sealing member 206e coupled to the exterior surface of the unexpended 
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intermediate portion. The inside and outside diameters of the pre-expanded ends, 
206a and 206d, of the first expandable tubular member 206 are greater than the inside 
and outside diameters of the unexpended intermediate portion 206c. An end 208a of a 
shoe 208 is coupled to the pre-expanded end 206a of the first expandable tubular 
5 member 206 by a conventional threaded connection. 

An end 210a of a slotted tubular member 210 that defines a passage 210b is 
coupled to the other pre-expanded end 206d of the first expandable tubular member 
206 by a conventional threaded connection. Another end 210c of the slotted tubular 
member 210 is coupled to an end 212a of a slotted tubular member 212 that defines a 

10 passage 212b by a conventional threaded connection. A pre-expanded end 214a of a 
second expandable tubular member 214 that defines a passage 214b is coupled to the 
other end 212c of the tubular member 212. The second expandable tubular member 
214 further includes an unexpended intermediate portion 214c. another pre-expanded 
end 214d, and a sealing member 214e coupled to the exterior surface of the 

15 unexpended intermediate portion. The inside and outside diameters of the pre- 
expanded ends, 214a and 214d, of the second expandable tubular member 214 are 
greater than the inside and outside diameters of the unexpended intermediate portion 
214c. 

An end 216a of a slotted tubular member 216 that defines a passage 216b is 
coupled to the other pre-expanded end 214d of the second expandable tubular 
member 214 by a conventional threaded connection. Another end 216c of the slotted 
tubular member 216 is coupled to an end 218a of a slotted tubular member 218 that 
defines a passage 218b by a conventional threaded connection. A pre-expanded end 
220a of a third expandable tubular member 220 that defines a passage 220b Is 
25 coupled to the other end 218c of the slotted tubular member 218. The third 
expandable tubular member 220 further includes an unexpended intermediate portion 
220c, another pre-expanded end 220d. and a sealing member 220e coupled to the 
exterior surface of the unexpended intermediate portion. The inside and outside 
diameters of the pre-expanded ends, 220a and 220d, of the third expandable tubular 
member 220 are greater than the inside and outside diameters of the unexpended 
intermediate portion 220c. 

An end 222a of a tubular member 222 is threadably coupled to the end 30d of the 
third expandable tubular member 220. 
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The made and outside diameters of the pra-expanded ends. 206a. 206d 214a 
2 4d . 220a and 220d. of .he expandable tabular member. 206. 214. and 220. and .he 
steded tabular members 210, 212. 216. and 216. may be substernal* equal The 
sealmg members. 206e. 214e. and 220e. of .he expandabte tabuter members. 206 
214 and 220, raspecUvely. further delude anchonng etemente for engaging the 
wellbora casing 104. The sloded tabular members. 210. 212. 216. a* 218. may be 
convemiona, slotted .ubuter members having tereaded end connexions sutable for 
use m an ol, or gas well, an underground pipeline, or as a stractarai support The 

,0 Zl^T' ™ mbere ' 210> ** "* 218 ™* "« °°™*»» "-bular 

aZ^ r^" 9 " '"'"^ " UWC TO,9rialS Su * » * —1* * gas 
and/or water from or into a subterranean formaton. 

As illuslrated in Fig. 2a. tee system 200 is ImtiaHy positioned in a borehole 224 

toZT- , a T""" 226 in * aeS ' ^ 226a and a 

16 ^LT h ™ e2m ^^^beposNonedinanyonen.aeon 
15 fo~a, to honzonte,. The upper end * me tabuter support member 202 may be 

eupP°«ed m a oonvemtona, manner usmg. for exampte. a s»p jo* or equfcln. 

device ,n otder to pern,, upwara movement of tee tabuter supp* member 2 ZZ 

expansion none 204 rtHadve to one or mora of the ex^dabte tabUar members ^ 

214, and 220, and tabular members, 210. 212. 216, and 216 

" 1 hjrr ed * 3 "* "** 228 ' S *~ «o system 200, 
tomugh me passages. 202a and 204a, of the tabular support member 202 and tubtda 
expansion cone 204. respectively. 

^a-**^'*- 2c. the cental 
me passages, 202a and 204a. o, tee tabula aupport member 202 and g» bZr 
~ — *»■ P~«^ ■» passage 16b o, tee shoe uttot 

t^t 6 : 206 °" °" he ^ ^ — 

mmmm, cone 204. .n paracuter, tee iraemredlate non pra^xpanded portion 206o of 
« «T7 »**r member 206 «, radial* expanded and 
* »» teperad externa, surtaoe 204b of me tabular expansion cone 204 As 
tee »a»ng member 206e engages the interior surta* of tee we»bora ^IgT 

member 206 . thereby coupted to the wrtbora casing 104. The radiaBy 
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expanded intermediate portion 206c of the expandable tubular member 206 is also 
thereby anchored to the wellbore casing 104. 

As illustrated in Fig. 2d. after the expandable tubular member 206 has been 
plastically deformed and radially expanded off of the tapered external surface 204b of 
the tubular expansion cone 204, the tubular expansion cone is pulled out of the 
borehole 224 by applying an upward force to the tubular support member 202. As a 
result, the second and third expandable tubular members, 214 and 220, are radially 
expanded and plastically deformed off of the tapered external surface 204b of the 
tubular expansion cone 204. In particular, the intermediate non pre-expanded portion 
214c of the second expandable tubular member 214 is radially expanded and 
plastically deformed off of the tapered external surface 204b of the tubular expansion 
cone 204. As a result, the sealing member 214e engages the interior surface of the 
wellbore 224. Consequently, the radially expanded intermediate portion 214c of the 
second expandable tubular member 214 is thereby coupled to the wellbore 224. The 
1 5 radially expanded intermediate portion 214c of the second expandable tubular member 
214 is also thereby anchored to the wellbore 104. Furthermore, the continued 
application of the upward force to the tubular member 202 will then displace the 
tubular expansion cone 204 upwardly into engagement with the pre-expanded end 
220a of the third expandable tubular member 220. Finally, the continued application of 
20 the upward force to the tubular member 202 will then radially expand and plastically 
deform the third expandable tubular member 220 off of the tapered external surface 
204b of the tubular expansion cone 204. In particular, the intermediate non pre- 
expanded portion 220c of the third expandable tubular member 220 is radially 
expanded and plastically deformed off of the tapered external surface 204b of the 
25 tubular expansion cone 204. As a result, the sealing member 220e engages the 
interior surface of the wellbore 224. Consequently, the radially expanded intermediate 
portion 220c of the third expandable tubular member 220 is thereby coupled to the 
wellbore 224. The radially expanded intermediate portion 220c of the third expandable 
tubular member 220 is also thereby anchored to the wellbore 224. As a result, the 
30 water zone 226a and fiuididy isolated from the targeted oil sand zone 226b. 

After completing the radial expansion and plastic deformation of the third 
expandable tubular member 220. the tubular support member 202 and the tubular 
expansion cone 204 are removed from the wellbore 224. 
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Thus, during the operation of <he system 10. the Intemtediate non pr<«xpanded 
portions. 206c, 214c. and 220c. of the expendable tububr membera, ^ 214 and 
220, respectively, are radially expanded and plastically deformed by the upward 
daymen. „, m, ^ expans|on ^ ^ As a result, the seaPng merabera. 
5 208., 214e. and 220e, era dispiac* In the radle, dfcecdon into engegemen, with m e 
welbore 224 theraby coupling the shoe 208. me expandable tubular member 206. the 
slotted tubular members, 210 and 212, the expandable tubufcr member 214. the slolted 
tubular mambera. 216 and 218. and the expandable tubular member 220 to the 
weBbora. Furthetmora, as a result, the connections between the expandable tabula, 

212. 216. and 218. do not have to ba expandable connections theraby praviding 
stgnton, cos, savings. ,„ addition, the inslde diametera of me expandabte tubu* 

7TT T ^ "* ^ ^ "** "»*"* ™- «* «* and 

15 ^^! Bra ! al ^ nslonproee8s • aresu ' ,s,anMlye< ' ua, • 

addaon* conventanal to* and other conventional eguipmen, may be east* 
posdtoned wdhin. end moved thmugh. the expandabte ^ sloHeo tubuX membera 

IveTT 8 ' '"* eqUlP,,,en, ^ ^"9 ^d other 

convenbona, How contra! devices for conboUIng the Bow of fluidic matenats within and 
be*ee„ the expandabte tubutar mambera. 206. 214. and 220. and the 
20 members, 210, 212, 216, and 218. 

Furthermore, in the system 200. the slotted tubular members 210. 212 216 and 
218 are intedeaved among tt* expandab,e tubular members, 206, 214, and 22 ^ a 
resu.t. because only the intermediate non pre-expanded portions. 206c 214c and 
220c. of the expandable tubular members. 206 214 and 220 ^ 7 

*» - be converts sWed tub** men*era thereby sign^ E 
cos. and comptexay of the system ,0. Moreover, because ordy ma intern^™ 

206, 214. and 220, tespeaivety. are radial* expanded and ptaaacatly detent,* 2 
0 number and tengm Cthe Wedeaved atetted tubuter menders. 210. 2,2 2^218 

The total length of the .nteenediate non expanded portions. 208c 214c and 220c 

of me expandable tubuter membera. 206. 214. and 220. is 

-* and me «, tengm cm. sfcrted tubutar membera. 210 2,2. 2^18^ 
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approximately 1158 m (3800 feet). Consequently, A system 200 having a total length 
of approximately 1219 m (4000 feet) is coupled to the wellbore 224 by radially 
expanding and plastically deforming a total length of only approximately 61 m (200 
feet). 

5 Furthermore, the sealing members 206e. 214e, and 220e, of the expandable 

tubular members, 206, 214, and 220, respectively, are used to couple the expandable 
tubular members and the slotted tubular members, 210, 212, 216, and 218 to the 
wellbore 224, the radial gap between the slotted tubular members, the expandable 
tubular members, and the wellbore 224 may be large enough to effectively eliminate 
10 the possibility of damage to the expandable tubular members and slotted tubular 
members during the placement of the system 200 within the wellbore. 

The pre-expanded ends, 206a, 206d, 214a, 214d, 220a, and 220d, of the 
expandable tubular members. 206. 214, and 220. respectively, and the slotted tubular 
members. 210, 212, 216, and 218. have outside diameters and wall thicknesses of 213 
15 mm (8.375 inches) and 8.89 mm (0.350 inches), respectively; prior to the radial 
expansion, the intermediate non pre-expanded portions, 206c, 214c, and 220c, of the 
expandable tubular members, 206, 214, and 220, respectively, have outside diameters 
of 194 mm (7.625 inches); the slotted tubular members, 210, 212, 216, and 218. have 
inside diameters of 195 mm (7.675 inches); after the radial expansion, the inside 
diameters of the intermediate portions, 206c, 214c. and 220c, of the expandable 
tubular members. 206, 214, and 220, are equal to 195 mm (7.675 inches); and the 
wellbore 224 has an inside diameter of 222 mm (8.755 inches). 

The pre-expanded ends, 206a, 206d, 214a, 214d, 220a. and 220d, of the 
expandable tubular members, 206, 214, and 220, respectively, and the slotted tubular 
members, 210, 212, 216, and 218, have outside diameters and wall thicknesses of 114 
mm (4.500 inches) and 6.35 mm (0.250 inches), respectively; prior to the radial 
expansion, the intermediate non pre-expanded portions, 206c. 214c, and 220c. of the 
expandable tubular members, 206. 214. and 220, respectively, have outside diameters 
of 102 mm (4.000 inches); the slotted tubular members, 210, 212, 216, and 218. have 
inside diameters of 102 mm (4.000 inches); after the radial expansion, the inside 
diameters of the Intermediate portions. 206c. 214c. and 220c, of the expandable 
tubular members, 206, 214, and 220, are equal to 102 mm (4.000 inches); and the 
wellbore 224 has an inside diameter of 124 mm (4.892 inches). 
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The system 200 is used ,o injec, or etdrac, „uidic ma ,erfa,s such as. for etampte. 
oil, gas, and/or water into or from Ihe subterranean formation 226b 

Referring now to Fig. 3. another expandable tubular member 300 will now bo 
desotoed. The tubular member 300 defines an interior region 300a and includes a first 
eod 300b induding a first threaded connection 300ba. a firs! tapered portion 300c, an 
in«.rmed,a,e porta 300d, a se»nd tapered ^rtton 300e. and a secortd end 300f 
inctud^ a second threaded connexion 300ft. The tubular member 300 further 
Mr tndudes an intermedia* seating member aoog «», is ceupted to me 
extenor surface of the intermediate portion 300d. 

The tubular member 300 has a substantially annutar cross sedion. The tebuiar 
member 300 may be fabricated from any number o, convent a^alty 
ava^e matenals such as. ,or exampte. OifleH Country Tubular Goods (OCTG, 3 
chronxum steel tubing/casing, or L83. J55. or P1 10 API casing 

The tntedor 300a of the tubuiar men*er 3 M has a eubstentiasy drceiar cross 
Furthennore, The intenor region 300a of me tubular member indudes a M 
tns^ameter 0„ an inten^tete insHe t.an.ter CW. and a second Ins* JZ 
u 2 . I ne first and second nside diameter* n =«w n 

u ..woe diameters, D, and D 2 , are substantially equal The first 

portJ^Th ? r * *• ,ubu,ar m 300 * ^ *> . 

Port^ 3000 by me M tapered portion 300c, and me eeoond end 30Of of me tubular 

t7!Z Z , 10 *" in,e " ne< " ate POrtto " * ^ 300a. 

The ou*de dtamete* of me M and second ends. 300b and 300f. of me tubula 

™*r W is gmater man me outeKe dtemeter of me intern-diate ponTX 

*. mentber. The M and second ends. 300b and 300f. of me Lar JZZ 

the outside diameters of the first and second ends 300a and 3onr tk • > L 

Po^3 tWo ,th.tebutern^ber300,*desawa^ s t ^ 
The wall thicknesses t, and t 2 are substantially equal in order to nm^lrt. 
— burs, aren^m for me ,rst and seco* el. 3^X71 
tubdar member 3CO. The wall thicknesses, ,, and ,„ are both greater trTL ^ 
tidiness W in enter to opdmaxy mateh me burs, sfrength of me L and 2^ 
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ends, 300a and 300f, of the tubular member 300 with the intermediate portion 300d of 
the tubular member 300. 

The first and second tapered portions, 300c and 300e, may be inclined at an 
angle, o, relative to the longitudinal direction ranging from about 0 to 30 degrees in 
order to optimally facilitate the radial expansion of the tubular member 300. The first 
and second tapered portions, 300c and 300e, provide a smooth transition between the 
first and second ends, 300a and 300f. and the intermediate portion 300d, of the tubular 
member 300 in order to minimize stress concentrations. 

The intermediate sealing member 300g is coupled to the outer surface of the 
intermediate portion 300d of the tubular member 300. The intermediate sealing 
member 300g seals the interface between the intermediate portion 300d of the tubular 
member 300 and the interior surface of a wellbore casing 305. or other preexisting 
structure, after the radial expansion and plastic deformation of the intermediate portion 
300d of the tubular member 300. The intermediate sealing member 300g has a 
substantially annular cross section. The outside diameter of the intermediate sealing 
member 300g is selected to be less than the outside diameters of the first and second 
ends, 300a and 300f, of the tubular member 300 in order to optimally protect the 
intermediate sealing member 300g during placement of the tubular member 300 within 
the wellbore casings 305. The intermediate sealing member 300g may be fabricated 
from any number of conventional commercially available materials such as, for 
example, thermoset or thermoplastic polymers. The intermediate sealing member 
300g is fabricated from thermoset polymers in order to optimally seal the radially 
expanded intermediate portion 300d of the tubular member 300 with the wellbore 
casing 305. The sealing member 300g may include one or more rigid anchors for 
25 engaging the wellbore casing 305 to thereby anchor the radially expanded and 
plastically deformed intermediate portion 300d of the tubular member 300 to the 
wellbore casing. 

Referring to Figs. 4, and 5a to 5d, The tubular member 300 is formed by a 
process 400 that includes the steps of: (1) upsetting both ends of a tubular member in 
step 405; (2) expanding both upset ends of the tubular member in step 410; (3) stress 
relieving both expanded upset ends of the tubular member in step 415; (4) forming 
threaded connections in both expanded upset ends of the tubular member in step 420; 
and (5) putting a sealing material on the outside diameter of the non-expanded 
intermediate portion of the tubular member in step 425. 
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AS mm („ FIG. 5a, ,„ step 405, both ends. 500a and 500b. of a tubufar 
member 500 are upset using conventional upsehhg methods. The upset ends 500a 
and 500b. of „e tubuter ^ 500 ^ „, ^ ^ * ^ a 

5 r„nTT 5000 °* =°° ^dudes we. mWtness U 

a and the m ,enor dtameter tw. The wall ,hic*nesses and ate , U bstan«a,,y equal* 
order to provide burs! sfrengo, that * mtMmmf 

e^^o, , 0 ?: ta Provide butst strength that is subs^ et.ua, afong fha 

,0 2 TZT memba 500 ^ ab ° to 0pllmal, >' ««■» *• '""nation of 

10 *reao^«»,r«cfto re i nttMtelandsecondends 500aanil5ooi) 

As illustrate in Fig. 5b. in steps 410 and 415. both ends. 500a and 500b of the 
timber 500 are expanaed ^ ^ ^ 

m-hods. and fheh bom ends. 500a and 500b. of the tubular men*er aTstJ 

15 CTthe^ T W<Panded ^ 5008 ^ "* " «* ""«*«• 500 
15 tndude me mtenor dimeters D, and D, The interior diameters D, and D 2 are 

egua. ,„ order to provide a burs, sbengtb mat is substen^ «J* Z 
0, and 0,,o m. Wenor d^ter J^Zn, al 

TmL r ,n onter to * mm - —~ — ~ - - tubuU, 

in BWa . o'ameters D„ D 2 and D m of the tubular member 500; the 

■nsKte d, meter ^ of the weHbore casing, or other structure, that the tubular 
verted into; andtheoutsWedian^terD^ofmee^l^ 
that .,, oe used to radfcily expand the tubu.ar member 500 within the Zore caZ 
?5 is given by the following expression: 9 

* 2 ^ IV i '/NT )* D tone + t INT * D INT J 

where t, = t 2 ; and 
D, = D 2 . 

* the teiaHonsNp gh™, „ eouafion (,,, the expansion fc^s pteced upon 

me tubular member 500 dunng the subsequent radia. expansion 
ubstenbal, equaled. Mote genera*. rebttonship ^S^J^ZJZ 
-d to cerate me op.ma, gee™,* for me tubular member 500 for IbZem 
red* expansion and ptes,o defcrmafcm o, the htbt-ar member 500 JZZ£ 
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and/or repairing a wellbore casing, a pipeline, or a structural support. 

As illustrated in FIG. 5c, in step 420, conventional threaded connections, 500d 
and 500e, are formed in both expanded ends, 500a and 500b. of the tubular member 
500. The threaded connections, 500d and 500e. are provided using conventional 
5 processes for forming pin and box type threaded connections available from Atlas- 
Bradford. 

As illustrated in Fig. 5d, in step 425, a sealing member 500f is then applied onto 
the outside diameter of the non-expanded intermediate portion 500c of the tubular 
member 500. The sealing member 500f may be applied to the outside diameter of the 
1 0 non-expanded intermediate portion 500c of the tubular member 500 using any number 
of conventional commercially available methods. The sealing member 500f is applied 
to the outside diameter of the intermediate portion 500c of the tubular member 500 
using commercially available chemical and temperature resistant adhesive bonding. 
The expandable tubular members, 206, 214, and 220. of the system 200 may be 
15 substantially identical to, and/or incorporate one or more of the teachings of, the tubular 
members 300 and 500. 

Referring to Fig. 6, a tubular expansion cone 600 for radially expanding the 
tubular members 206, 214, 220, 300 and 500 will now be described. The expansion 
cone 600 defines a passage 600a and includes a front end 605, a rear end 61 0, and a 
20 radial expansion section 615. 

The radial expansion section 615 includes a first conical outer surface 620 and a 
second conical outer surface 625. The first conical outer surface 620 includes an angle 
of attack a, and the second conical outer surface 625 includes an angle of attack o 2 . 
The angle of attack a, is greater than the angle of attack a 2 . In this manner, the first 
25 conical outer surface 620 optimally radially expands the intermediate portions, 206c, 
214c, 220c, 300d, and 500c, of the tubular members, 206, 214, 220, 300, and 500. and 
the second conical outer surface 525 optimally radially expands the pre-expanded first 
and second ends, 206a and 206d, 214a and 214d, 220a and 220d, 300b and 300f. and 
500a and 500b, of the tubular members, 206, 214, 220. 300 and 500. The first conical 
30 outer surface 620 includes an angle of attack o, ranging from about 8 to 20 degrees, 
and the second conical outer surface 625 Includes an angle of attack a 2 ranging from 
about 4 to 15 degrees in order to optimally radially expand and plastically deform the 
tubular members. 206. 214. 220. 300 and 500. More generally, the expansion cone 
600 may include 3 or more adjacent conical outer surfaces having angles of attack that 
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5 expand secbon 7,5 i^L an f ™ ~» ™ The 

the radial expansion -n c manner, the outer surface of 

- a ^zzzzil^r •* — <* - d ~ 

rear end 710of toeexpaZ,™ " ^expansion cone 700 ,0 a minimum a. the 

^3 ^ ^ a L^rr^ :r ^ • o * 

oftheoutersuifaceoflheradialexonn^ T^"^"- ln manner, the region 
.He expand cor» 700 ^T^T" 7 ^ »* "* 705 - 

rear end 7,0 of Ihe mJT^TVT ^ 715 <° »• 

- «*.~ .Oa a. 50*. „ * ^me^ «* «■ 
The parabolio proffle of the outer surface of to. Jr. SOa 

20 seiected to provide an angte of aJTlTL . eXPanSi °" 715 * 
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The teachings of toe apparahja 130. toe system win «, 
member 300. toe method 400 and/or **>■ «» expandable tubular 
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Refernng to Fig. 8 , conventional temperature pressure ^ 
804, and 806. respectively, are operably coled to tnZ! ""^ ** 

apparatus 130 The temoe ra t„I ^ to »• grated tubulars 145 of the 

-Pectivety, in tl ZTt ^ *" «* «* - «*> 

* -* control fc 0 _ „ J 1*1^27^ 
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operational efficiency of the apparatus 130. The control algorithms utilized by the 
controller 810 for controlling the operation of the flow control valves 160 as a function 
of the operating temperature, pressure, and flow rates within the perforated tubular 
members 145 are conventional. 
5 Referring to Fig. 9, a solid tubular member 905 is coupled to one of the 

perforated tubular members 145 by radially expanding and plastically deforming the 
solid tubular member into engagement with the perforated tubular member in a 
conventional manner and/or using one or more of the radial expansion methods 
disclosed in one or more of the following: (1) U.S. patent application serial no. 

10 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913. attorney docket no. 25791.7.02, filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no. 09/523,460, 

15 attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application serial 
no. 09/512,895. attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/511.941, attorney docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946. attorney docket no. 25791 .17.02, filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney docket no. 

20 25791.23.02. filed on 4/26/2000. (10) PCT patent application serial no. 
PCT/US00/18635. attorney docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 
provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney 
docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial 

25 no. 60/159,082, attorney docket no. 25791.34, filed on 10712/1999, (14) U.S. 
provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, filed 
on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159,033, attorney 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial 
no. 60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional 

30 patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 
11/12/1999, (18) U.S. provisional patent application serial no. 60/221.443. attorney 
docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial 
no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional 
patent application serial no. 60/233,638, attorney docket no. 25791.47, filed on 
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9/18/2000. (21) US. provisional patent app,ica«on serial no. 60/237334 attorney 
docket no. 25791.48, filed on 10/2/2000 oi\ no attorney 

no 60/270 007 attn™ h Z ' Pat6nt app,icatfon seria ' 

na 60/270,007 attorney docket no. 25791.50, fi.ed on 2/20/2001; (23) U.S. previa, 

patent applicafon seriai no. 60/262,434, attorney docket no 257 91 51 TT 
5 l/i7/?nni- tiA\ no viuoism no. 4^91.51, filed on 

1/17/2001, (24) U.S, provs,ona« patent application serial no. 60/259 486 attomev 
docket no. 25791.52, filed on 1/3/2001- f25> II c • . , U ^ a,40b ' attome y 
no 60/303 740 ^ w . * prov,s,onal application serial 

2^ , u 2579161 ' fi,8d ° n 7/6/2001 '- W U.S. provisiona, 

:z:^::r ai no - eo/313 ' 453 ' « — - 

10 PrOV,S,0na, Pat6nt apP ' ication serial no. 60/317 985 attorney 

10 docket no. 25791.67, filed on 9/6/2001- n*\ . i «s <*•"'.«», attomey 

no 60 318 «n a « ' , W ' prov,s,onal Patent application serial 

no. ou.318,386, attorney docket no 2«57qi mno «■ 

0/91 - 67 - 02 . filed on 9/10/2001- and r?Q\ n c 

=r ^ ^ ro . altomey ^ no 25 ; ™- 

14* tl •» _« l. opposite ends of the one perforated tubular member 

» prevent the oassaap nf , k k ^ 17,9 Sea,in 9 members 140 

string may then be used to r*™ ' A COnventional drill 

» y men oe used to remove any excess cured sealina material • 
5 surface of the one perforated tubular member 145 rZl T J 

materia, is a curabte epoxy resin. "* Sea,ln 9 

the ap'rltoZ^ JadiaT * T " " »~ ~ "» - 

the surround^ ^ ^ " * to «« «, 

9 formation 125 thereby compressing the surrounding formation. In this 
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manner, the surrounding formation 125 is maintained in a state of compression thereby 
stabilizing the surrounding formation, reducing the flow of loose particles from the 
surrounding formation into the radial openings of the perforated tubular member 145, 
and enhancing the recovery of hydrocarbons from the surrounding formation. 
5 A seismic source 1105 is positioned on a surface location to thereby impart 

seismic energy into the formation 125. In this manner, particles lodged in the radial 
openings in the perforated tubular member 145 may be dislodged from the radial 
openings thereby enhancing the subsequent recovery of hydrocarbons from the 
formation 125. 

10 After the perforated tubular member 145 has been radially expanded and 

plastically formed into contact with the surrounding formation 125, thereby coupling the 
perforated tubular member 145 to the surrounding formation, an impulsive load is 
applied to the perforated tubular member. The impulsive load may be applied to the 
perforated tubular member 145 by applying the load to the end of the apparatus 130. 
15 The impulsive load is then transferred to the surrounding formation 125 thereby 
compacting and/or slurrifying the surrounding formation. As a result, the recovery of 
hydrocarbons from the formation 125 is enhanced. 

As illustrated in Fig. 12, a wellbore casing 1205 having one or more perforations 
1210 may be positioned within the wellbore 105 that traverses the formation 125. 
When the apparatus 130 is positioned within the wellbore 105, one or more of the 
perforated tubular members 145 of the apparatus 130 are radially expanded and 
plastically deformed into contact with the wellbore casing 1205 thereby compressing 
the surrounding formation 125. In this manner, the surrounding formation 125 is 
maintained in a state of compression thereby stabilizing the surrounding formation, 
reducing the flow of loose particles from the surrounding formation into the radial 
openings of the perforated tubular member 145, and enhancing the recovery of 
hydrocarbons from the surrounding formation. 

A seismic source 1215 is positioned on a surface location to thereby impart 
seismic energy into the formation 125. In this manner, particles lodged in the radial 
openings in the perforated tubular member 145 may be dislodged from the radial 
openings thereby enhancing the subsequent recovery of hydrocarbons from the 
formation 125. 

After the perforated tubular member 145 has been radially expanded and 
plastically formed into contact with the wellbore casing 1205, thereby coupling the 
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no. 60/221 ,645, attorney docket no. 25791 .46, filed on 7/28/2000, (20) U.S. provisional 
patent application serial no. 60/233,638. attorney docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334, attorney 
docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent application serial 
no. 60/270,007, attorney docket no. 25791.50, filed on 2/20/2001; (23) U.S. provisional 
patent application serial no. 60/262,434, attorney docket no. 25791.51, filed on 
1/17/2001; (24) U.S. provisional patent application serial no. 60/259,486, attorney 
docket no. 25791.52, filed on 1/3/2001; (25) U.S. provisional patent application serial 
no. 60/303,740, attorney docket no. 25791.61, filed on 7/6/2001; (26) U.S. provisional 
patent application serial no. 60/313,453, attorney docket no. 25791.59, filed on 
8/20/2001; (27) U.S. provisional patent application serial no. 60/317.985, attorney 
docket no. 25791.67, filed on 9/6/2001; (28) U.S. provisional patent application serial 
no. 60/318.386. attorney docket no. 25791.67.02, filed on 9/10/2001; and (29) U.S. 
utility patent application serial no. 09/969,922, attorney docket no. 25791.69, filed on 
10/3/2001. In this manner, the perforated tubular member 905 modifies the flow 
characteristics of the perforated tubular member 145 thereby permitting the operator of 
the apparatus 130 to modify the overall flow characteristics of the apparatus. 

As illustrated in Fig. 14, a one-way valve 1405 such as, for example, a check 
valve fluidicly couples the interior of a pair of adjacent perforated tubular members, 
145a and 145b, that extract hydrocarbons from corresponding subterranean zones A 
and B. In this manner, if zone B becomes depleted, hydrocarbons that are being 
extracted from zone A will not flow into the depleted zone B. 

As illustrated in Fig. 15, the apparatus 130 is used to extract geothermal energy 
from a targeted subterranean geothermal zone 1505. In this manner, the operational 
efficiency of the extraction of geothermal energy is significantly enhanced due to the 
increased internal diameters of the various radially expanded elements of the 
apparatus 130 that permit greater volumetric flows. 

The perforated tubular members, 145, 210. 212, 216, 218, and 1305 of the 
apparatus 130 may be cleaned by further radial expansion of the perforated tubular 
members. The amount of further radial expansion required to clean the radial 
passages of the perforated tubular members 145, 210, 212, 216, 218, and 1305 of the 
apparatus 130 ranged from about 1% to 2%. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated in 
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1 . An apparatus, comprising: 

a zonal isolation assembly positioned within a wellbore comprising: 
5 one or more solid tubular members, each solid tubular member including one or 

more external seals; 

two or more perforated tubular members each including radial passages coupled 
to the solid tubular members; and 

a one-way valve for controllably fluidicly coupling the perforated tubular 
10 members; 

one or more flow control valves operably coupled to the perforated tubular 
members for controlling the flow of fluidic materials through the perforated tubular 
members; 

one or more temperature sensors located within a longitudinal flow passage of 
15 one or more of the perforated tubular members for monitoring the operating 
temperature within the perforated tubular members; 

one or more pressure sensors located within the longitudinal flow passage of one 
or more of the perforated tubular members for monitoring the operating pressure within 
the perforated tubular members; 
20 one or more flow sensors located within the longitudinal flow passage of one or 

more of the perforated tubular members for monitoring the operating flow rate within 
the perforated tubular members; and 

a controller operably coupled to the flow control valves, the temperature sensors, 
the pressure sensors, and the flow sensors for monitoring the temperature, pressure 
25 and flow sensors and controlling the operation of the flow control valves; and 
a shoe coupled to the zonal isolation assembly; 

wherein at least one of the solid tubular members and the perforated tubular 
members are formed by a radial expansion process performed within the wellbore. 

30 2. A method of isolating a first subterranean zone from a second subterranean zone 
having a plurality of producing zones in a wellbore, comprising: 

positioning one or more solid tubulars within the wellbore, the solid tubulars 
traversing the first subterranean zone; 
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depleted to one of the producing jones that has been depleted. 
* A system for IscWng a M subterranean zone ftom a second subtenanean 

means for portioning one or more solid tubulars within the weHbore the solid 
lobulars traversing the first subtaranean zone- " 
means for poslUonln9 ^ w ^ ^ ^ 

-eans for Wdldy coup«„g to. padorafod tubulara and the solid tubers- 

5- A system for extracting materials from a plurality of producing subterranean 
»nes m a w*one. a, leas, a pcttm o, toe wellbore inalg . Z££L 
means or posfconfcg one w mwe ^ ^ ^ ^ 

P-oduc*g subfonl ~ ' 1,19 *~*« ™<«" 

means for fluMcfy coupling the solid lobular, with toe casing- 
-ns for Huidicfy coup„ng to performed tubulars w* tool ^ 
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